Introduction
On the basis of understanding the role of angiotensin II in circulation and renal functions, the relevance of intervention of the renin-angiotensin system (RAS) for therapy of hypertension and kidney diseases has so far been extensively discussed (1, 2) . High blood pressure (BP) strongly affects the structure and functions of nephrons, and inversely, impaired renal function elevates the systemic BP level in patients with kidney diseases. Angiotensin converting enzyme (ACE) inhibitors are now one of the most frequently used drugs for hypertension, and a number of evidences are available with regard to the effect of ACE inhibition to ameliorate kidney diseases, especially proteinuria as a symptom (3) . Indeed, in many clinical studies dealing with kidney diseases, proteinuria has been adopted as a surrogate endpoint, because proteinuria is not merely a marker of permselectivity of the glomerular membrane, but is toxic to the kidney per se, and plays a key role in the progression of kidney diseases, eventually leading to end-stage renal disease (ESRD) (4) (5) (6) (7) .
With reference to the effect of ACE inhibitors, the use of angiotensin II receptor antagonists for the treatment of kidney diseases has also been discussed. The RENAAL study, an international multicenter clinical trial of the angiotensin II receptor antagonist losartan, was published in 2001 (8) . This trial studied the effect of losartan in patients with type 2 diabetic nephropathy. The results clearly demonstrated that losartan retarded the elevation of serum creatinine and decreased the rate of onset of ESRD. On the other hand, the effects of intervention of the actions of angiotensin II in patients with non-diabetic chronic kidney disease (CKD) and hypertension has been still a subject of debate with regard to relation to BP lowering effect. Any pharmacotherapy to lower BP may be effective for protection of renal functions; however, whether blockade of angiotensin II receptors confers renal protection in excess of that due to BP control has not been clearly answered. There is thus need of accumulation of evidences of comparative study with other classes of antihypertensive drugs in patients with CKD and hypertension. For this reason, we have performed a 12-month study comparing the effects of the angiotensin II receptor antagonist losartan and the calcium channel blocker amlodipine. A portion of the results were previously disclosed as an interim report at 3 months (9) with the full analysis set (FAS) (10) . We here report our final results based on the final selection of patients by the Coordinating Committee. Our findings show that, although losartan and amlodipine exerted the same degree of BP control, only losartan induced a significant reduction in urinary protein excretion over the 12-month observation period.
Methods
This study was a 12-month, multicenter, randomized, openlabeled, clinical trial designed to compare the effect of the angiotensin II receptor antagonist losartan and the calcium channel blocker amlodipine to reduce proteinuria in patients with CKD and hypertension. Fifty-seven affiliated clinics in Japan contributed to this study. The overall design of the study has been described previously in an interim report presented at 3 months (9). Males and female outpatients, aged 20-74 years, who had CKD and hypertension and who met the following criteria during the 8-week pretreatment screening period were eligible for the study: 1) CKD: serum creatinine (Scr) levels of 1.5 ≤ Scr 3.0 mg/dl in males of body weight (BW) ≥ 60 kg, and of 1.3 ≤ Scr 3.0 mg/dl in females, or males of BW 60 kg.
2) Hypertension: systolic BP (SBP) ≥ 140 mmHg or diastolic BP (DBP) ≥ 90 mmHg as measured in a sitting position at least two separate times at their visits to clinics.
3) Proteinuria: urinary protein excretion of ≥ 0.5 g/day.
The overview of study design is shown in Fig. 1 . The randomization method was modified by dynamic balancing for Scr, the 24-h urinary protein excretion that was measured at the time of registration, and presence or absence of diabetic nephropathy, so that patients were allocated to the two groups avoiding significant difference of baseline characteristics in average. Patients of the two groups received either losartan 25 mg as a starting dose to up to 100 mg once daily, or amlodipine 2.5 mg as a starting dose to up to 5 mg once daily, respectively. However, in cases in which a patient's compliance was judged by investigator(s) to be sufficiently good for the administration of a higher dose, either 50 mg of losartan or 5 mg of amlodipine was adopted as a starting dose.
The target BP was 130/85 mmHg, and patients were not allowed combination therapy with other antihypertensive agents during the first 3 months. However, after 3 months, if a BP of 130/85 mmHg was not achieved, antihypertensive combination therapy with α-blockers, β-blockers, α/β-blockers, diuretics (excepting potassium-sparing diuretics), and other calcium channel blockers were considered as appropriate. Guidance was given to patients to maintain their usual diet, especially for those under dietary restrictions. The study protocol was reviewed and approved by the Institutional Review Boards of all clinics contributing to the study. Written informed consent was obtained from all enrolled pa-tients.
Exclusion criteria were as follows:
2) Renovascular hypertension or endocrine hypertension.
3) BP control treatment with antihypertensive agent(s). 4) Patients in whom antianxiety drugs could not be discontinued. 5) Pregnancy, possibility of pregnancy, or in a period of lactation. 6) Patients that the chief investigator judged not to be eligible. BP was measured at patients' visit to the clinic with the patient in a sitting position.
A 24-h urine collection was performed from 8:00 AM of the day before to 8:00 AM of the day of the clinic visit, and was used to obtain the 24-h urine volume, urinary protein excretion, urinary creatinine level, and the amount of sodium excretion. The creatinine clearance (Ccr) was calculated as Ccr Ucr V/Scr 1.73/A, where Ccr is the creatinine clearance (ml/min), Ucr is the urinary creatine (mg/dl), V is the urine volume (ml/min), Scr is the serum creatine (mg/dl), and A is the body surface area. The rate of renal impairment as a function of time was expressed with a reciprocal slope of Scr (1/Scr).
Protein intake was estimated by measurement of urea nitrogen plus protein concentration using the following formula: Protein intake (g/day) [urinary urea nitrogen (g/day) 0.031(g) BW(kg)] 6.25 urinary protein excretion (g/day) (11) . Sodium chloride (NaCl) intake was measured by NaCl concentrations in the collected urine using the following formula: NaCl intake (g/day) urinary sodium excretion (mEq/day)/17.
All values were expressed as the mean SD. The baseline characteristics of the enrolled patients were tested for comparability between the losartan group and the amlodipine group using unpaired t-test or Fisher's exact test. The differences in changes in SBP and DBP between the two groups were tested by repeated-measures analysis of variance with treatment effect, period effect, and the interaction between treatment and period effect. Changes in urinary protein excretion, Scr, and Ccr within each group were analyzed by paired t-test. Unpaired t-test was used to compare the percent changes of urinary protein excretion, Scr, and Ccr between the losartan group and the amlodipine group. Values of p 0.05 were considered to indicate statistical significance.
Results
In all patients enrolled during the term from December 1999 Table 1 . A large number of patients were diagnosed with chronic glomerulonephritis, including IgA nephropathy. Patients with diabetic nephropathy and hypertensive nephrosclerosis were also included. The characteristics of the two treatment groups were similar. Forty-seven patients in the losartan group and 40 patients in the amlodipine group completed the 12-month study for measurement of urinary protein endpoint. The dietary compliance assessment of 24-h urinary urea nitrogen plus proteins and sodium showed that, there was no significant difference in total protein and NaCl intake between the two drug treatment groups at baseline and no change from baseline to month 3, as reported previously (9) . At month 12, again, there was no change from baseline and therefore no difference between the losartan group and the amlodipine group in protein intake or NaCl intake (protein [g/day]: losartan, 50.7 19.7; amlodipine, 53.5 17.0; NaCl [g/day]: losartan, 8.0 3.8; amlodipine, 9.6 3.5).
The BP-lowering effect, in both systole (SBP) and diastole (DBP), was similar with losartan and amlodipine. Figure 2 shows changes in SBP and DBP measured at week 2 and at every month. In the losartan group, SBP was reduced from 156.5 12.2 mmHg at baseline to 139.5 14.8 mmHg at month 12 ( 11.3 9.2%), and DBP from 94.0 9.2 mmHg at baseline to 83.0 11.7 mmHg at month 12 ( 12.2 10.8%), and in the amlodipine group, the reduction in SBP However, urinary protein excretion was significantly reduced only in the losartan group. The upper panel of Fig. 3 shows the change in urinary protein excretion and the lower panel shows the percent change from the respective baselines. The apparent changes in percent were 20.7%, 35.2%, and 35.8% at months 3, 6, and 12, respectively. We then analyzed the relationship between BP control and reduction of proteinuria in patients treated with losartan.
The responsiveness to the drug was assessed by BP measured at month 3. In this analysis, patients whose BP was controlled to 140/90 mmHg as well as those whose BP was not controlled at month 3 showed a statistically significant reduction in urinary protein excretion from baseline at each of months 3, 6, and 12. Although the JNC-VI guidelines recommend a BP goal of 130/85 mmHg for hypertensive patients with CKD (12), patients in whom this goal was not achieved still showed a statistically significant reduction in urinary protein excretion by losartan (Fig. 4) . In the losartan group with a BP of 130/85 mmHg, there was an apparent reduction in urinary protein excretion, but without statistical significance.
Although at baseline there was no statistically significant difference between treatment groups in the ratio of males to females (Table 1 ), the number of female patients in the amlodipine group decreased during the study. However, in the losartan group, changes in proteinuria were almost comparable between males and females:
21.0% (n 31) and 20.2% (n 19) at month 3, 35.5% (n 31) and 34.6% (n 19) at month 6, and 35.2% (n 29) and 36.9% (n 18) at month 12 in males and females, respectively. Likewise, although no effect was observed with amlodipine, changes in the amount of proteinuria in males and females were 7.1% (n 31) and 8.0% (n 10) at month 3, 13.6% (n 30) and 4.6% (n 12) at month 6, and 1.5% (n 30) and 10.6% (n 10) at month 12, respectively.
In order to examine whether the magnitude of proteinuria affected the result of treatments with losartan and amlodipine, we stratified patients into two subgroups: those with proteinuria 1 g/day and those with proteinuria ≥ 1 g/day at baseline. In these subgroups, the change in urinary protein excretion from baseline was not significantly different between the losartan group and the amlodipine group. We next stratified patients with proteinuria levels of 2 g/day and With respect to the diagnosis of patients, 38 patients in the losartan group and 41 in the amlodipine group had chronic glomerulonephritis, and 7 in the losartan group and 7 in the amlodipine group had diabetic nephropathy. Analysis of the patients with diabetic nephropathy revealed an apparent decrease from baseline in urinary protein excretion in the two treatment groups, with no statistically significant difference between the groups (data not shown). Analysis of the subgroup with chronic glomerulonephritis exhibited a statistically significant reduction in proteinuria in the losartan group at months 3, 6, and 12. Because amlodipine did not reduce proteinuria in patients with chronic glomerulonephritis, there was a prominent difference in the percent reduction in urinary protein excretion from baseline between the two treatment groups (Fig. 6) .
Changes in Ccr and Scr and the slope of 1/Scr did not differ between the two treatment groups. Scr slightly increased from the baseline to month 3 in both groups. Ccr showed a tendency of decline (Fig. 7) .
Adverse events considered to be possibly related to the study were reported for increases in aspartate aminotransferase (AST; GOT) (2 cases), alanine aminotransferase (ALT; GPT) (1 case) and γ-GTP (4 cases). These changes were mild and the incidence was almost the same between the losartan group and the amlodipine group. An increase in serum uric acid (2 cases) was reported in the amlodipine group, but was not observed in the losartan group. Hyperkalemia ranging from 5.1 to 6.9 mEq/l was reported in the losartan group (3 cases) and in the amlodipine group (2 cases). Two cases of dizziness and 1 case of transient ischemic attack were reported in the losartan and amlodipine groups. No fatal adverse events were observed in either group during the 12-month study.
Discussion
The present study demonstrated that, in patients with proteinuric CKD and hypertension, losartan effectively reduced proteinuria while amlodipine did not. It is noteworthy that the potency of BP-lowering of losartan and amlodipine was same throughout the entire 12-month study period. Allocation of patients resulted in an almost comparable male to female ratio between the treatment groups at baseline. However, more number of female patients decreased in the amlodipine group than in the losartan group as the study progressed. Consequently, at month 12, in the losartan group, the male/female ratio was 29/18, while in the amlodipine group it was 30/10. Although the losartan group included a greater number of female patients than the amlodipine group at months 3, 6, and 12, the percent reduction in urinary protein excretion in males was comparable to that in females in the losartan group. Therefore, it was unlikely that a sex hormone such as estrogen played a role in the vascular protection in this study. The fact that a large majority of female patients in the losartan group at baseline were aged (22 females: 54-59 year-old, 4; in their 60's, 9; in her 70's, 1) may warrant this discussion, because female patients of mid-50's or older were probably undergoing menopause.
In the present study, we first stratified patients into 3 subgroups with regard to BP reduction measured at month 3. The first 3 months was a meaningful period because no other drugs was added on either losartan or amlodipine during this period. Losartan reduced both BP and proteinuria. However, it was also true that not all patients responded to losartan to reach the goal BP of 130/85 mmHg that was recommended by the JNC-VI (12) . In fact, the goal BP was achieved in only 8 patients in the losartan group and 13 patients in the amlodipine group. It was expected that patients who reached the goal BP of 130/85 mmHg would show a prominent decrease in urinary protein excretion. However, there was no significant change in urinary protein excretion from baseline in either the losartan group or the amlodipine group, al- though in the losartan group urinary protein tended to decrease. The reason for this finding is unclear; however, since the number of patients in each group was very small, this might be the reason why we failed to demonstrate statistical significance, especially in the losartan group. Nonetheless, even in patients who did not accomplish the BP goal, reduction of proteinuria was evident. Likewise, patients who achieved a BP of 140/90 mmHg represented the anti-proteinuric effect of losartan. A striking evidence was that patients who did not accomplish the level of BP 140/ 90 mmHg also showed the reduction in proteinuria, the degree of which did not largely differ from those in the group of BP 140/90 mmHg.
It must not be a conclusion that, in patients with CKD and hypertension, it is sufficient to pursue a reduction in proteinuria without a corresponding reduction in BP. It should be emphasized that BP control is still an important strategy in treating patients with CKD and hypertension, as the JNC-VI recommends. Our results can only be taken to indicate that losartan may still be effective to reduce proteinuria, even if BP can not reach the BP goal of the JNC-VI guidelines (12) . In this aspect, losartan should be used in clinical practice under the condition of exerting anti-hypertensive effect. The goal BP of 130/80 mmHg for patients with CKD which was currently recommended by JNC-VII guideline (13) should also be taken into account. Thus, the use of losartan will bring better outcomes for patients with CKD and hypertension with concomitant BP control.
Although we failed to find a difference in anti-proteinuric effect between losartan and amlodipine when patients were stratified with the baseline proteinuria of 1 g/day and ≥ 1 g/day, further stratification with levels of 2 g/day and ≥ 2 g/day clearly demonstrated the anti-proteinuric effect of losartan at all assay points in the group of ≥ 2 g/day. These results suggest that losartan was effective to reduce severe proteinuria of probably glomerular origin. The effect was still observable in the group of 2 g/day at months 3 and 6, but was not statistically significant at month 12, probably due to a wide range of standard deviation from the mean value. Very recently, Tojo et al. (14) reported that, in streptozotocin-induced diabetic rats, intervention of actions of angiotensin II by either an ACE inhibitor or an angiotensin II antagonist restored albumin reabsorption in the proximal tubules without changing blood glucose via restoration of the expression of megalin, a glycoprotein responsible for reabsorption of proteins in the proximal tubules, resulting in the reduction in urinary protein excretion. The authors suggested that expression of megalin is suppressed in the proximal tubules when the kidney is impaired for tubular dysfunction. This evidence may explain, at least in part, our results on the effect of losartan on proteinuria, a part of which may be of tubular origin. While the RENAAL study (8) was conducted in patients with type 2 diabetes, a large majority of the patients enrolled in the present study had chronic glomerulonephritis including cases of immunoglobulin A (IgA) nephropathy. In these patients, losartan effectively reduced urinary protein excretion. Chronic glomerulonephritis involves many factors in its etiology, and the complicated proteinuria is not solely a result of hyperfiltration of glomeruli. Rather, remodeling of the glomerulus must be considered. Since amlodipine did not affect the protein excretion in such patients, the present result is of particular interest in considering the direct actions of angiotensin II on the structure and functions of glomeruli. Patients with diabetic nephropathy in the losartan group and the amlodipine group were 7 and 5 on the day of start and only 5 and 4 patients completed the study, respectively. Because of this limited number of diabetic patients, there was no statistically significant change in urinary protein excretion in either drug treatment group, although the magnitude of the mean reduction of urinary protein ranged from 30% to 50%. We therefore cannot conclude from these results that these drugs have no anti-proteinuric effect in patients with diabetic nephropathy.
With respect to the pharmacotherapy of patients with CKD, the therapeutic benefit of interfering with the actions of angiotensin II has been extensively documented with ACE inhibitors over the last decade. The breakthrough evidence that direct blockade of angiotensin II receptors protects the kidney in patients with type 2 diabetic nephropathy was provided by the RENAAL study (8) with losartan, and the IDNT study with irbesartan (15) .
Recent publications provided evidences that the angiotensin II receptor antagonist candesartan was effective in Japanese patients with type-2 diabetic nephropathy, with a dose as low as 4 mg/day to prevent aggravation of proteinuria (16), or reduce urinary protein excretion by combination therapy with amlodipine (17), supporting previous evidences on losartan and irbesartan for diabetic nephropathy. The results of our present study provide the additional information useful in clinical practice, that losartan is effective not only for patients with type 2 diabetic nephropathy, but also those with a variety of types of CKD. Nakao et al. (18) recently studied the effect of combination therapy and monotherapy with losartan and the ACE inhibitor trandolapril in patients with non-diabetic renal disease. They demonstrated that losartan as well as trandolapril effectively lowered urinary protein excretion, although the combination of these two drugs exerted a more favorable effect on proteinuria. Taken together, the antiproteinuric effect of losartan may play a major role in its renoprotective effect.
The therapeutic benefit of losartan for kidney diseases in comparison to other antihypertensive drugs is still not fully explained. As is indicated in the JNC-VI (12) and JNC-VII (13) guidelines and several clinical reports, aggressive blood pressure control is mostly important. On the other hand, many clinical trials have demonstrated that blood pressure control is not the only factor pertinent for renoprotection; rather, ACE inhibitors and angiotensin II receptor antagonists provide additional benefit in patients with kidney dis-eases.
The RAS is now well understood to be involved in the pathogenesis of renal impairment independent of its vasoconstrictive actions, inducing disturbance of glomerular and tubular functions. The direct actions of angiotensin II in the kidney include an increase in tubular sodium reabsorption and an influence on glomerular filtration rate (GFR), but morphopathological changes such as accumulation of extracellular matrix and mesangial cell proliferation and hypertrophy (19, 20) are of more importance for pathogenesis of renal impairment. These concepts clearly constitute the theory of usefulness of blocking the actions of angiotensin II in kidney diseases. Although the UK Prospective Diabetes Study (UKPDS) (21) concluded that the effects of ACE inhibitor captopril and the β-blocker atenolol were similar in reducing the risk of macrovascular and microvascular complications related to type 2 diabetes, the African-American Study of Kidney Disease and Hypertension (AASK) Study (22) , which compared the effects of the ACE inhibitor ramipril, the calcium channel blocker amlodipine, and the β-blocker metoprolol on the progression of hypertensive renal disease in African-Americans, showed that ramipril induced a slower decline in GFR and a lower risk of clinical end points compared to amlodipine.
The mechanism and mode of action of losartan and amlodipine to explain the exertion of different effect of renoprotection are not thoroughly explained and are controversial. Documents are available to explain the renoprotective efficacy of calcium channel blockers, including amlodipine. However, whether calcium channel blockers exert unique antiproteinuric effects is still controversial. In the AASK Study (22) , proteinuria was not decreased with amlodipine. The Japan Multicenter Investigation of Antihypertensive Treatment for Nephropathy in Diabetes (J-MIND) study (23) reported that nifedipine retard and enalapril had a similar effect on nephropathy in hypertensive type 2 diabetic Japanese patients, but albumin excretion rate was not reduced with either drug despite the effective BP lowering. Kumagai et al. (24) reported the comparative evaluation of amlodipine with ACE inhibitors enalapril or captopril for renoprotective effect in hypertensive patients with renal dysfunction. They concluded that the effect of 1-year treatment with amlodipine on renal function was likely the same as that of ACE inhibitors. They also showed that urinary protein excretion tended to be reduced by either ACE inhibitor or amlodipine, but without statistical significance. These evidences suggest that, while a strong argument has been made for proteinuria as a risk factor for progression of renal disease (25) , there is still a discrepancy between renoprotection as a final goal and urinary protein excretion as an important clinical sign for renal dysfunction.
There is thus a strong body of evidence suggesting that the pathways by which angiotensin II aggravates renal functions are mediated by angiotensin II type 1 (AT1) receptors. Calcium channel blockers act to dilate the microvasculature, improving regional circulation by regulating the voltage-dependent calcium channels. The blockade of angiotensin II receptors results in a reduction in renal perfusion pressure in addition to dilation of the efferent arterioles to a greater extent than the afferent arterioles because of their different manner of constriction in response to angiotensin II, and thus angiotensin II antagonists reduce the glomerular filtration pressure to same extent. On the other hand, the action of angiotensin II is not solely to constrict macrovascular and microvascular trees, but a variety of cellular actions are evident. A number of reports have described roles of angiotensin II through AT1 receptors to produce extracellular matrix as well as to stimulate proliferation and/or hypertrophy of many types of cells, via the direct stimulation of mitogen-activated protein kinase (MAPK), transforming growth factor (TGF-β), nuclear factor (NF-κB), induction of proto-oncogenes, and so on (19, 20, 26) . Thus, although there is still no confirmatory theory, wider biological functions of angiotensin II may explain the diversity of renoprotective activity of the two drugs without depending on their BP lowering efficacy. The precise mechanism of the action of these drugs should be further investigated.
In the present study, there was no change in Ccr either in the losartan or amlodipine groups. Andersen et al. (27) conducted a 2-month, randomized, double-blind cross-over clinical trial to evaluate the effect of losartan and the ACE inhibitor enalapril in patients with type 1 diabetic nephropathy, and reported that angiotensin II blockade reduced urinary protein excretion without changing GFR. In the RENAAL study (8) , the risk of a doubling of the serum creatinine concentration in the losartan treatment group and the placebo group was almost the same until 12 months from initiation of the study, although the reduction in urinary protein excretion was observed in the losartan treatment group within 6 months. The IDNT study (15) with irbesartan also reported no difference in the change in serum creatinine in comparison to placebo and amlodipine within 12 months. Thus, it is likely that effects on proteinuria and on Ccr differ in response to blockade of angiotensin II receptors, although the reason is not explained. The present study was completed at 12 months. It might be expected that longer-term treatment of the patients with CKD and hypertension with losartan would have more beneficial effects on renal functions such as improvement of GFR in patients beyond the effect to reduce proteinuria.
In conclusion, a term of total 12 months treatments of Japanese patients with proteinuric CKD and hypertension with losartan reduced proteinuria more effectively than amlodipine, although BP lowering effect was not different between the two drug-treated groups. Since the effect was beyond the blood pressure control, losartan is effective in patients with CKD manifesting proteinuria and hypertension.
